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Introduction
Public participation in scientific research (PPSR) can result 
in positive social outcomes for participants (Bonney et al. 
2016), including changes in scientific awareness/knowl-
edge, engagement, attitude, behaviours and skills (Bonney 
et al. 2009). Public participation in scientific research can 
influence participants’ knowledge of their study system 
(Brossard, Lewenstein, and Bonney 2005; Evans et al. 
2005), science literacy (Cronje et al. 2011), ability to under-
stand and engage in the scientific method (Trumbull et 
al. 2000), and conservation actions (Devictor, Whittaker, 
and Beltrame 2010). Most research investigating the social 
impacts of PPSR is focused on adult participants, although 
some work has focused on youth and young adult par-
ticipants (Kountoupes and Oberhauser 2008; Hillier and 
Kitsantis 2014; Vitone et al. 2016; Ballard, Dixon, and 
Harris 2017). Youth may engage with PPSR through both 
extracurricular activities and when PPSR projects are 
embedded in the school curriculum.
In many PPSR projects, participants self-select for 
involvement and are often not broadly representative of 
the population (Evans et al. 2005; Pandya 2012). This is 
troublesome, as participation in PPSR can facilitate par-
ticipant pursuit of science-based careers and may be an 
enriching experience for a broader segment of the popula-
tion than only those who self-select to participate. Bonney 
et al. (2016) identified “curriculum-based projects” (p. 4) as 
a category of citizen science – one form of PPSR – that has 
the potential to facilitate engagement of new audiences. 
In such projects, students from a wide range of demo-
graphic backgrounds (including elementary through 
higher education), from a range of socio-economic back-
grounds, and with varying pre-existing interests, have the 
opportunity to engage in an authentic scientific process.
Recent work in PPSR identifies that participant moti-
vation, the underlying psychological reason for behav-
iour, has largely been overlooked as a learning outcome 
(Phillips et al. 2018). In particular, Phillips et al. (2018) call 
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for more research on changes in motivation over time fol-
lowing participation in PPSR, and how these motivations 
relate to the theories and findings of self-determination 
theory (SDT). SDT posits that people are motivated by 
activities that fulfill three basic psychological needs: 
autonomy, the need for freedom and control over the 
course of action; competence, the need for gaining or 
using skills to effectively exert control over outcomes; and 
relatedness, the need to connect with others (Deci and 
Ryan 2012). When these three needs are fulfilled, people 
experience greater internal/intrinsic motivation (Ryan 
and Deci 2000), greater intentions to persist in science 
(Lavigne et al. 2007), and more optimal learning occurs 
(Niemiec and Ryan 2009).
Previous work reveals that people set goals in areas of 
their life that vary in how much they provide the oppor-
tunity to fulfill autonomy, competence, and relatedness 
needs. Goals set in areas that satisfy these needs are more 
likely to be self-concordant goals, or goals that align 
with our values and true self (Milyavskaya, Nadolny, and 
Koestner 2014). Self-concordant goals are particularly 
beneficial, and are more likely to be successfully com-
pleted, compared with other types of goals.
We hypothesize that engagement in PPSR projects may 
change participants’ perceptions that science offers ways 
to fulfill these three psychological needs, which may then 
lead to adopting science goals. Participants may gain a 
greater sense of autonomy in the scientific process by hav-
ing the opportunity to make decisions related to a research 
project. They may gain a sense of competence in science 
through successfully participating in an actual science pro-
ject, through conducting real scientific work. Finally, they 
may realize that science is something that can be done in 
collaboration with friends and classmates as they work 
together with other participants, resulting in an increase 
in perceived relatedness. Perceiving science as satisfying 
these needs may then contribute to greater interest in 
future scientific endeavours, and enjoyment of science.
We present a case study describing some of the pro-
grammatic and individual learning outcome goals (Jordan, 
Ballard, and Phillips 2012) of a curriculum-aligned citizen 
science project targeted at students in grades four to 
eight in Newfoundland and Labrador, Canada (hereafter 
referred to as the Newfoundland Squirrel Project, NSP). In 
a class setting, students investigated and reported on the 
distribution and abundance of non-native red squirrels 
(Tamiasciurus hudsonicus) and eastern chipmunks (Tamias 
striatus) across the island of Newfoundland and some 
offshore islands. The NSP operated as part of Let’s Talk 
Science (LTS), a national charitable organization that states 
its mission as “dedicated to helping prepare Canadian 
youth for future careers and citizenship demands in a 
rapidly changing world,” and so the NSP shared many 
of the programmatic goals of LTS. LTS provides support 
for educators through professional learning and easy-to-
access online resources, and it gives youth the opportu-
nity to participate in classroom outreach, national science 
experiments, and interactive events (letstalkscience.ca). A 
particular objective of LTS is to provide equitable access to 
programming, and the organization has a mandate to pro-
vide STEM (Science, Technology, Engineering, and Math) 
outreach to youth in rural communities. Equitable access 
to informal science STEM opportunities is a well-docu-
mented challenge (Dawson 2014), and rural communities 
may have limited access to these types of programming 
(Avery 2013). Access to outreach in remote communities 
is a particularly important issue in Newfoundland and 
Labrador, where a substantial proportion of the popula-
tion lives in rural areas.
We report on two key programmatic outcome goals 
of the NSP: to provide science outreach activities to any 
interested elementary school classes in Newfoundland 
(regardless of remote, rural location) in the form of partici-
pation in an ecological research project; and to give partic-
ipating students the opportunity to gain familiarity with 
their local ecosystems through firsthand observations 
of wildlife and local habitat features. Further, we report 
on an individual outcome goal: to promote participants’ 
future interest in science and enjoyment of science. We 
assess this through an exploration of how participation 
in the NSP may impact participants’ motivation through 
changes in their perceptions of science as satisfying the 
essential psychological needs of autonomy, competence, 
and relatedness (Deci and Ryan 2012). Finally, we aim to 
test how changes in perceptions of psychological needs 
satisfaction predict future intentions in science and enjoy-
ment of science. Given the current emphasis on making 
STEM subjects accessible to girls, we report gender effects 
where relevant.
Methods
LTS—STEM outreach in Newfoundland
LTS operates as a network of sites at university and col-
lege campuses across Canada and relies on volunteers 
and some paid staff to offer diverse programming. Let’s 
Talk  Science programs include, but are not limited to, 
in-person, volunteer-led events such as classroom visits, 
on-campus events, and activities at community events; 
online activities; free educator resources; and classroom-
based science projects. Equitable access to LTS outreach 
programming is particularly challenging in Newfound-
land and Labrador. Approximately 520,000 people live in 
the province of Newfoundland and Labrador, and more 
than 40% of them are in rural locations (Statistics Canada 
2016). The term “rural” is widely used in academic litera-
ture and has many definitions (Sipple and Brent 2015). 
Unless stated otherwise, in the present study, we refer to 
rural outreach according to the definition presented by the 
LTS organization, which is an outreach activity occurring in 
an area >35 km from an urban centre. Rural settlements in 
Newfoundland are widely dispersed and many are acces-
sible only by ferries/planes or by poor roads. Long, harsh 
winters make travel difficult for many months each year.
There are two LTS sites in Newfoundland and Labrador, 
both at campuses of Memorial University of Newfoundland, 
located in the two largest urban centres in the province. 
Seventy-two percent of schools in Newfoundland and 
Labrador are located in communities with a population 
less than 20,000 and are more than 35 km from an LTS 
site. Fifteen percent of schools are located in areas that 
require ferry or plane access from the nearest LTS site. 
Access issues can make in-person outreach activities very 
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challenging, and it is difficult to provide the same amount 
and quality of science outreach opportunities for rural 
youth as their urban counterparts experience (Figure 1).
Newfoundland Squirrel Project (NSP) – background 
and scientific objectives
Newfoundland is a large (>100,000 km2) island in Canada 
and historically had a depauperate mammal fauna. Over 
the past 200 years, 11 additional mammal species have 
successfully been introduced (Strong and Leroux 2014), 
with successful introductions of non-native T. striatus 
and T. hudsonicus in 1962 and 1963, respectively (New-
foundland and Labrador Department of Fisheries and 
Land Resources; Whitaker 2015). T. hudsonicus were 
introduced to or translocated within Newfoundland and 
the near-shore islands multiple times before 1975. These 
movements were made by citizens and members of the 
provincial government, and the rationale included the 
addition of a new prey species for Newfoundland mar-
ten (Martes americana atrata); an additional species for 
fur trapping; and for enjoyment (Whitaker 2015). Recent 
evidence suggests that the introduction and subsequent 
spread of T. hudsonicus in Newfoundland has had major 
impacts on several species of local plants and animals. 
Tamiasciurus hudsonicus are seed predators and, when 
abundant, may interrupt the regular regeneration of coni-
fers such as native balsam fir (Abies balsamea) (Gosse et al. 
2011). Further, they may have deleterious effects on the 
Newfoundland subspecies of some birds, such as compet-
ing for food with the endangered Red Crossbill (percna 
subspecies) (Loxia curvirostra percna) (Benkman 1993) 
or predating the nests of Newfoundland Gray-cheeked 
Thrush (Catharus minimus minimus), another species at 
risk in Newfoundland and Labrador (Whitaker, Taylor, and 
Warkentin 2015).
There is little work investigating the impacts of T. stria-
tus on Newfoundland ecosystems. Prior to the NSP, spe-
cies distribution and abundance of both species were not 
well documented in Newfoundland, and there was a need 
to gain information about their extents across insular 
Newfoundland and the near-shore islands. T. hudsonicus 
are highly territorial, and individuals will respond to con-
specific vocalizations (calls), often approaching the point 
from which the call originates. This makes it relatively easy 
for the average citizen to determine squirrel presence, 
both through silent observation and by observing squirrel 
responses to call broadcasts using a speaker.
Project implementation
Between June and September 2016, teachers and schools 
from the Newfoundland and Labrador English School Dis-
trict (NLESD) were contacted by phone and e-mail and 
Figure 1: Distance distribution of Newfoundland schools from the nearest Let’s Talk Science (LTS) site. The distribution 
of schools located varying distances from an LTS site (in Corner Brook or St. John’s) participating in the Newfoundland 
Squirrel Project (main figure) is similar to the distance distribution of all schools in the Newfoundland section of the 
Newfoundland and Labrador English School District (inset). Dashed lines indicate the cut-off between rural and non-
rural schools (where rural is defined as being >35 km from a city centre), and there is no difference in the proportion 
of total schools classified as rural between the participating and total groups (p = 0.599).
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invited to participate in the NSP. Because the two squirrel 
species of interest were introduced only to insular New-
foundland and the near-shore islands (i.e., they are native 
[T. hudsonicus] and not present [T. striatus] in mainland 
Labrador), only teachers at schools in Newfoundland 
and the near-shore islands were invited. All participating 
classes were between grades four and eight.
A condition of our agreement with the Newfoundland 
and Labrador English School District to engage classes 
in the NSP was that participation in the research would 
not negatively impact instructional time for students 
and teachers. We designed the project with this in mind, 
and so made a conscious effort to make the citizen sci-
ence data collection relevant to the science curricula of 
the participating classes. To achieve this, we designed a 
series of free accompanying educational activities that 
linked Newfoundland squirrel biology to one topic in the 
provincially mandated science curriculum for each par-
ticipating grade (complete list provided in Supplemental 
File 1, Teacher’s Guide to the Newfoundland Squirrel 
Project). For example, a fourth-grade science curriculum 
component was to learn about food chains and habitats, 
and participating classes were provided with an activity 
to help them build a Newfoundland-specific food chain 
that could include the study squirrel species; a fifth grade 
curriculum component was to learn about animal body 
systems and the accompanying educational activity was a 
body insulation experiment to demonstrate how fur helps 
squirrels and other small mammals survive the long, cold 
Newfoundland winters.
Each participating class received a package containing 
a written teacher’s guide (Supplemental File 1), which 
included a welcome letter, some background information, 
letters to parents, instructions for data collection, data 
sheets, a list of hands-on educational activities to relate 
the science curriculum of each grade to local squirrel biol-
ogy, and a copy of the relevant provincial wildlife permit; 
a wireless speaker (Staples XTREME Audiopod portable 
Bluetooth Speaker); and supplies to complete the educa-
tional activity relevant to the grade of the participating 
class. Data sheets were simplified and standardized, using 
checklists and short answer questions that ideally reduced 
inter-observer variation (Holck 2008; Snäll et al. 2011; 
Lewandowski and Specht 2015) and project updates were 
regularly e-mailed to participating classes over the course 
of the data collection period. Detectability of T. hudsoni-
cus in response to the broadcast of conspecific territorial 
calls likely varies seasonally (Warkentin et al., in prep), 
so we limited data collection to a three-month period in 
autumn. Packages were distributed in October 2016, and 
data sheets were returned in December of the same year.
Participating classes were given the option to collect 
data in any or all of the three following ways: (i) class 
point count/call broadcast survey, (ii) individual walk in 
the woods, and (iii) interviews with family and friends. To 
assist participants in identifying the species of interest, 
colour photos of both T. hudsonicus and T. striatus were 
included in the data collection instructions for each of 
the three protocols (Supplemental File 1). Further, the 
distinctive territorial calls of T. hudsonicus were made 
available through a shared Google Docs folder for use in 
(i). Participants were also given a photo of a pile of coni-
fer cone scales that was made by a feeding T.  hudsonicus 
(a good indicator of T. hudsonicus presence, which 
 participants were also asked to observe and record).
During class point count/call broadcast surveys, classes 
visited a local forested area as a group to conduct one sur-
vey containing one or more point counts, during which 
they played recordings of T. hudsonicus vocalizations to 
elicit territorial vocal and movement responses from local 
squirrels. At each point count, participating classes had 
a four-minute quiet observation period followed by four 
minutes of call broadcasts of recorded T. hudsonicus ter-
ritorial calls. Vocalizations were broadcast using the pro-
vided speakers working wirelessly with teachers’ personal 
smartphones or laptop computers/tablets. The recorded 
T. hudsonicus territorial calls were obtained from Cornell 
sound library available through the Macaulay Library at 
the Cornell Lab of Ornithology (ML Catalogue #num-
bers: 100916, 136185). Participating groups recorded spe-
cific details about the location of their survey and point 
counts (e.g., location in Newfoundland, habitat type), the 
number of T. hudsonicus and T. striatus that they saw and 
heard during both quiet and broadcast components of 
each point count, and the number of piles of conifer cone 
scales that they observed during the survey.
Data collection for parts (ii) and (iii) were designed for 
individual or small-group out-of-school participation. 
During individual walks in the woods, students completed 
a survey for T. hudsonicus and T. striatus by going for a 
short walk in a forest near their home and recording all 
observations as well as associated information about the 
site (same as above). During interviews with family and 
friends, students interviewed an adult who had a cabin 
in a forested area on Newfoundland or the surrounding 
near-shore islands. Interviewees reported whether or not 
T. hudsonicus or T. striatus were ever present at their cabin, 
how often both species were seen, and at what point in 
the past they first noticed each species in the area around 
their cabin. Participating teachers returned all completed 
data sheets in prepaid envelopes to the Grenfell Campus 
of Memorial University of Newfoundland. Updates to the 
participating classes were sent out as new information 
became available, and appropriate recognition for their 
work was given in presentations throughout the whole 
project (Elbroch et al. 2011).
Assessment of individual student learning outcomes
Schools on the west coast of Newfoundland that had classes 
participating in the citizen science project were contacted 
about an additional research opportunity. Teachers from 
all participating classes in schools within driving range 
(roughly two hours away) were contacted through e-mail. 
Teachers were offered $50 per participating class to be 
spent on classroom enrichment. Interested teachers were 
given consent forms to distribute to parents or guardians, 
themselves, and the principals of their respective schools. 
Class time was then set aside roughly one week prior to 
participating in the PPSR so that students could complete 
a pre-project survey (hereafter referred to as the time-1 
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measurement) and roughly one to two weeks after par-
ticipating in the PPSR for a post-project survey (hereafter 
referred to as the time-2 measurement), with students 
indicating their assent to participate, or refusal with no 
consequences.
During both time 1 and time 2, students responded to 
a series of statements by selecting one of five response 
options for each statement, with matching smiley faces to 
aid younger students. The response options ranged from 
“completely true” to “not at all true.” All time 1 statements 
had matching time 2 statements, meaning that students 
responded to each statement twice: once before partici-
pation in the project and once after. Multiple statements 
assessing the same topic will be referred to as measure-
ment instruments in this paper. A six-item “Perception of 
Need Satisfaction of Science” measurement instrument 
was created for this study, based on theory and face-valid 
items, and kept brief to minimize disruption to class time. 
Statements included pairs of items for each psychological 
need: autonomy (e.g., “Scientists get to choose how they 
study something”), competence (e.g., “I feel that I’d be 
able to be a good scientist”), and relatedness (e.g., “Being 
a scientist means working alone”), with one reverse-scored 
item for each pair. A three-item “Future Intentions in 
Science” measurement instrument (e.g., “I would like to 
study science in high school”) was created by modifying 
and truncating the Future Participation in Science sub-
scale of the Kind, Jones, and Barmby (2007) attitudes 
to science measurement instrument. Similarly, a four-
item “Enjoyment of Science” measurement instrument 
(e.g., “Science classes are exciting”) was created using 
the Kind, Jones, and Barmby (2007) “Learning science in 
school” subscale. All of the above statements had paral-
lel mathematics versions, to act as a control school sub-
ject for changes in attitudes towards, and perceptions of, 
science. An additional statement related to the learning 
objectives for individuals was included in the time-2 state-
ments, which asked specifically about enjoyment of the 
citizen science project. One demographic question was 
asked regarding whether participants identified as a boy, 
girl, or preferred not to say. See Supplemental File 2, Full 
List of Statements Administered to Study Participants, for 
the wording of the statements, or the materials available 
through the preregistration of the individual outcomes 
portion of this paper.1
Statistical Analysis
For part 1 of the analysis, the assessment of project acces-
sibility to school in rural areas, Chi-square tests were 
used to examine whether the proportion of participating 
schools classified as “rural” and requiring ferry access, dif-
fered from the proportion of schools in those categories 
when all schools across insular Newfoundland and the 
near-shore islands were considered.
To quantify individual learning outcomes, the mean 
responses for each of the three measurement instru-
ments were calculated for individual students on both 
the science-related statements and the mathematics-
related control statements. Larger numbers indicated 
more psychological need satisfaction, greater future 
intentions in science/mathematics, and more enjoyment 
of science/mathematics classes. We had a priori theoreti-
cal reasons for looking at psychological need satisfaction 
in aggregate (please see the pre-registered hypotheses 
for the study). However, the reliability of this particular 
measure was low (Cronbach’s α ranged from 0.26 to 
0.49). Therefore, we also examined the three components 
making up the psychological needs measure separately, 
by taking the mean of the pairs of scores representing 
autonomy, competence, and relatedness, for both the 
time-1 and time-2 measurements.
To examine changes in need satisfaction, future inten-
tions in science and/or mathematics, and enjoyment 
of science and/or mathematics classes over time, two 
approaches were used. First, difference scores between 
time 1 and time 2 were calculated for all variables as a 
measure of change, with positive numbers representing 
positive change. Change scores for variables related to 
science were compared with change scores for variables 
related to mathematics using paired sample t-tests. This 
allowed for a comparison of the change in perceptions of 
science with a school subject that was not directly related 
to participants’ experiences of the citizen science project.
In the second approach, paired sample t-tests were used 
to examine changes specifically between the time-1 and 
time-2 data, specifically examining the science-related 
statements for predicted increases in our measures. We 
predicted increases in science-related variables and so 
considered results to be significant with a one-tailed test 
at the .05 criterion value (see pre-registration for the a 
priori predicted results).
Exploratory analyses examining individual statements 
are also reported without correcting for multiple com-
parisons, and require further replication prior to having 
confidence in the unexpected findings. Finally, multiple 
regression analyses were used to examine how changes in 
perceptions of autonomy, competence, and relatedness 
in science predicted changes in future science intentions 
and enjoyment of science classes.
Results
Programmatic outcomes
Participants in the project included 50 teachers and 899 
elementary school students affiliated with 29 schools 
(15% of a total of 193 schools that were invited to partici-
pate). In total, participants submitted data from 43 class 
point count/call broadcast surveys (including 85 point 
counts), 159 individual walks in the woods, and 142 data 
sheets from interviews with family and friends.
Participating schools were widely distributed across 
insular Newfoundland and the near-shore islands. Sixty-
four percent (16 of 25) of participating schools were 
located in communities with populations less than 
20,000 people and were more than 35 km from one of 
the two LTS outreach sites in either St. John’s or Corner 
Brook (Figure 1), a proportion that does not differ from 
the 75 of 239 (31%) of all schools classified as rural 
within Newfoundland (Pearson chi-square = 0.277, df = 1, 
p = 0.599). Two of twenty-five (8%) participating schools 
were located in communities requiring ferry access, a 
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proportion that was not significantly different than the 
total 13 of 239 (5.4%) schools requiring ferry access across 
Newfoundland and the near-shore islands (Pearson chi-
square = 0.356, df = 1, p = 0.551).
Overall, 80% (163 of 204) of participant field survey 
efforts (class point count/call broadcast surveys and walks 
in the woods) resulted in students hearing or seeing an 
example of T. hudsonicus and/or T. striatus. Sixty-four 
percent (29 of 45) classes conducting point count/call 
broadcast surveys detected (saw and/or heard) T. hudsoni-
cus, with 21 groups detecting squirrels during the silent 
portion of their point counts and 29 detecting them dur-
ing the call broadcast. Seventy-seven percent (122 of 159) 
students who completed walks in the woods reported see-
ing and/or hearing T. hudsonicus, and 26% (42) reported 
seeing T. striatus.
Individual outcomes
Four classes were recruited for both the time-1 and time-2 
portions of the study, with one additional class that signed 
up too late (after the citizen science activity) to complete 
the time-1 survey and completed only the time-2 survey. A 
total of 98 students were recruited: 49 boys, 40 girls, and 
9 unspecified, with students in grade 4 through grade 7. A 
total of 67 students completed both the pre-test and post-
test survey: 33 boys, 31 girls, and 3 unspecified. Changes 
in degrees of freedom indicate participants excluded due 
to missing data.
As predicted, there was a significant change in perceived 
need satisfaction scores in science (Mdiff = 0.04, SD = 0.44) 
compared with mathematics (Mdiff = –0.13, SD = 0.60) 
between the time points (t(66) = 2.22, p = 0.030, d = 0.27) 
(Table 1).
Separating need satisfaction into the three component 
needs through the pairs of measures revealed the signifi-
cant change in science compared with mathematics was 
driven by increases in perceived competence in science 
(Mdiff = 0.16, SD = 0.77) compared with math (Mdiff = –0.16, 
SD =0.86), t(66) = 2.52, p = 0.014, d = 0.31) (Table 2).
Comparisons between the two time points examining 
views of science (without the comparison with mathemat-
ics) failed to find a significant increase in perceived needs 
satisfaction (Table 3). Examining only the competence 
component of needs satisfaction revealed that the differ-
ence between the two time points was significant only when 
using a one-tailed test (Mtime1 = 3.67, SDtime1 = 0.94; Mtime2 = 
3.83, SDtime2 = 0.80, t(66) = –1.68, p = 0.049, d = 0.21), with 
no significant differences in autonomy and relatedness.
Table 1: Comparison of changes in the mean values of each measurement instrument between the science and math-
ematics measures.
Variable Change in science Change in mathematics t P Cohen’s d
M (SD) M (SD)
Need satisfaction 0.04 (0.44) –0.13 (0.60) 2.22 0.030 0.27
Future intentions 0.11 (0.83) 0.08 (0.67) 0.23 0.817  0.03
Enjoyment  –0.05 (0.75) 0.00 (0.87) –0.33 0.742 –0.04
Note: Positive values indicate greater satisfaction, intentions and enjoyment at time 2.
Table 2: Comparison of changes in participants’ perceptions of three psychological needs between science and math-
ematics measures.
Variable Change in science Change in mathematics t P Cohen’s d
M (SD) M (SD)
Relatedness 0.07 (0.74) –0.01 (0.96) 0.53 0.601 0.06
Competence 0.16 (0.76) –0.16 (0.86) 2.52 0.014 0.31
Autonomy –0.10 (0.74) –0.21 (0.78) 1.18 0.243 0.15
Note: Positive values indicate greater satisfaction, intentions and enjoyment at time 2.
Table 3: Comparison of time-1 and time-2 values of the mean scores for each measurement instrument for the science 
measure.
Variable Time 1 Time 2 t p Cohen’s d
M (SD) M (SD)
Need satisfaction 3.49 (0.54) 3.53 (0.44) 0.82 0.417 0.10
Future intentions 2.81 (1.15) 2.91 (1.19) 1.04 0.300 0.13
Enjoyment 3.73 (1.13) 3.68 (1.16) 0.52 0.604 0.06
Note: Positive values indicate greater satisfaction, intentions and enjoyment at time 2.
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An exploratory follow-up analysis revealed one item 
of the competence component, “I feel that I’d be able to 
be a good scientist,” was marginally higher in the time-2 
scores with a two-tailed test (t(66) = 1.69, p = 0.098, 
d = 0.20). Participants rated themselves as having more 
agreement with the statement after the citizen science 
project (Mtime1 = 3.16, SDtime1 = 1.34) compared with before 
completing the project (Mtime2 = 2.93, SDtime2 = 1.27).
There was no evidence of increases in future inten-
tions to pursue science compared with mathematics 
(p = 0.817), nor was there a change between times 1 and 
2 (p = 0.300). Exploratory analyses of the individual items 
indicated marginally greater interest in having a job in 
which participants would get to do science after the pro-
ject (Mtime2 = 2.80, SD = 1.32) compared with before com-
pleting the project (Mtime1 = 2.58, SD = 1.31; t(66) = 1.78, 
p = 0.080, d = 0.21).
Overall, students found participating in the project to 
be an enjoyable activity (M = 4.47, SD = 1.0), indicating 
a mean response between completely true and some-
what true for “I really liked the red squirrel project.” 
However, this enjoyment of the project did not translate 
into changes in enjoyment of science compared with 
math (p = 0.742), nor was there a change in enjoyment of 
science between times 1 and 2 (p = 0.604).
Regression analyses including changes in autonomy, 
competence, and relatedness as predictor variables signifi-
cantly predicted changes in future intentions in science, 
F(3,61) = 5.37, p = 0.002, R2 = 0.21, with change in per-
ception of competence in science as a uniquely significant 
predictor, β = 0.45, p < 0.001 (Table 4). These  variables 
did not significantly predict changes in enjoyment of 
science (all p values > 0.131).
Female participants reported greater positive changes 
in enjoyment of science (Mgirls= 0.19, SD = 0.62) compared 
with male participants (Mboys = –0.22, SD = 0.80; t(61) = 
2.27, p = 0.027, d = 0.57). However, there were no signifi-
cant gender differences in the enjoyment of the citizen 
science project (Mgirls = 4.71, SDgirls = 0.73; Mboys = 4.48, 
SDboys = 0.90; t(80) = 1.27, p = 0.207, d = 0.28).
Discussion
The NSP achieved its programmatic goals, providing 
access to a science outreach opportunity to interested 
teachers and classes in Newfoundland, regardless of 
their rural and/or remote locations. Further, students 
participating in the citizen science project had a high 
probability of experiencing firsthand encounters with 
local wildlife. Progress towards individual outcomes was 
less consistent, but there was some evidence that citizen 
science activity increased participants’ perceptions of 
science as psychologically needs-satisfying, particularly 
with regards to competence. Many participants experi-
enced an increase in their perceived competence as sci-
entists, and changes in competence predicted changes in 
future intentions to pursue science. Student participants 
enjoyed the experience, with girls reporting more of a 
positive change in enjoyment of science than boys over 
the course of the project.
Programmatic outcome 1: access to science outreach 
opportunities
Access to informal STEM learning opportunities is a 
challenge for children in rural communities, where dis-
tance can severely limit access to in-person programs 
(Avery 2013; Hartman, Hines-Bergmeier, and Klein 2017). 
 Hartman, Hines-Bergmeier, and Klein (2017) further sug-
gest that collaboration between teachers in rural com-
munities and informal STEM educational entities (such 
as libraries, museums, 4H, etc.) (Russell, Knutson, and 
Crowley 2013) provides a mechanism to increase students’ 
accessibility to STEM learning opportunities. The part-
nership between LTS and local teachers to complete the 
NSP provides an example of this kind of partnership and 
appears to have been successful in that being in a rural 
location was not an impediment to participation.
Programmatic outcome 2: encounters with wildlife
There is little research on how direct encounters with wild-
life through PPSR may impact the experiences and learn-
ing outcomes of participants, but substantial research has 
examined the effects of encounters with live animals on 
participants of wildlife tourism (where wildlife is both cap-
tive and wild) (Ballantyne and Packer 2005; Fuhrman and 
Ladewig 2008), as well as the potential benefits of using 
living animals in children’s science education  (Watson 
2006; Hummel and Randler 2012; Schönfelder and Bog-
ner 2018). In the context of wildlife tourism, exposure to 
live animals can result in strong emotional responses by 
participants (Ballantyne, Packer, and Sutherland 2011) 
and increased participant knowledge (Adelman, Falk, and 
James 2000), and, rarely, can promote conservation-ori-
ented behavioural changes (Ballantyne and Packer 2005).
There is mixed evidence for the value of live animals in 
science education (Hummer and Randler 2012), but ben-
efits are more frequently reported as increases in affec-
tive factors rather than cognitive ones (e.g., Ballouard et 
al. 2012). After engaging in learning with live animals, 
children demonstrated greater feelings of wellbeing, 
lower feelings of boredom (Hummel and Randler 2010; 
Schonfelder and Bogner 2018), and some greater feel-
ings of interest (Hummer and Randler 2012) than when 
engaged in similar experiences without animals. Even 
short (one-day) field experiences using live animals may 
impact students’ perspectives (Ballouard et al. 2012). In 
this context, the high incidence of participants in the 
NSP to see live T. hudsonicus and T. striatus is likely an 
Table 4: Regression analyses predicting changes in par-
ticipants’ future intentions to participate in science.
Predictors B T p
Science relatedness 0.07 0.58 0.565
Science competence 0.45 3.88 <0.001
Science autonomy –0.18 –1.59 0.117
F(3,61) = 5.37, p = 0.002, R2: 0.21 Standardized predictors were 
used. Two participants were excluded because of missing 
data.
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important and impactful feature of the project. Even for 
students who did not physically see or hear a squirrel, 
conducting fieldwork outdoors may have been beneficial. 
Access to direct learning about nature through field expe-
riences can increase students’ reported connectedness 
to nature (Liefländer et al. 2013) and their likelihood of 
translating new knowledge to behaviours (Duerden and 
Witt 2010).
Animal activity and close proximity to animals are both 
positive features of wildlife encounters for many partici-
pants of wildlife tourism (Margulis, Hoyos, and Anderson 
2003; Ballantyne, Packer, and Sutherland 2011). Similarly, 
Ballouard et al. (2012) found that students most valued the 
chance to have close proximity to wildlife (in their case, 
handling snakes). Correspondingly, the use of wireless 
speakers to conduct call broadcasts and elicit territorial 
responses from T. hudsonicus is a particularly important 
component of the NSP, as these responses often involve 
the squirrel approaching the speaker and being active 
(Warkentin et al. in prep). The wireless speakers were rela-
tively low cost (<US$10 per item), were easy to use, and 
were a valuable addition to the project.
Individual outcomes
The findings from the individual outcomes portion of the 
study revealed connections between how students per-
ceived science as providing opportunities to fulfill their 
psychological needs, and their enjoyment and future 
intentions to explore careers in science. Although the 
correlational nature of our study design prevents us from 
making causal claims, our measurements indicated that 
students tended to increase or maintain their positive 
views of science, particularly when compared with math-
ematics as a school subject not directly related to the pro-
ject. Not all parts of our hypotheses were fully supported, 
which may be partly because of specific features of the 
NSP, and partly because of methodological limitations.
The stronger change in the competence component 
of psychological need satisfaction as compared with the 
other components may be partially explained by the study 
methodology. Most of the statements in the measurement 
instruments asked for views about scientists in general, 
to gauge how students’ views of scientists had changed; 
however, the competence component contained the sole 
statement regarding psychological needs that was specifi-
cally about each student: “I feel that I’d be able to be a good 
scientist.” The responses to this statement had the strong-
est evidence for change in response to the citizen science 
project, and the statement was related to enjoyment of 
science and future science intentions. Participating in the 
citizen science activity may have had the strongest impact 
on this variable owing to the “perceived realness” of the 
project. Previous research has found that changing stu-
dents’ views of science depends on the extent to which 
students perceive they are contributing to a real science 
project (Ballard, Dixon, and Harris 2017). This project was 
ideal for changing students’ views of believing that they 
themselves could do science because it provided them a 
relatively rare opportunity to collect original data for an 
authentic science project.
Part of the reason that the responses to the “I feel that I’d 
be able to be a good scientist” statement changed between 
times 1 and 2, while the statements assessing views of 
scientists in general had relatively little movement, may 
have to do with the one-off nature of this particular activ-
ity. Changing students’ views about themselves may be 
easier than changing their views of scientists in general, 
which requires more extrapolation, and potentially more 
exposure. It would be valuable for future researchers to 
study student participants over a longer period of time, 
taking part in a project that spans weeks or months. Falk 
and colleagues (2012) argue about students’ engagement 
with science over time, with other researchers finding that 
longer projects have stronger impacts than we report (e.g., 
Bogner 1998; Bodzin 2008; Braun, and Dierkes 2017).
The importance of the “good scientist” statement 
extends beyond SDT, and is related to other work show-
ing the importance of direct experiences with science in 
influencing self-efficacy, a closely related concept to com-
petence (Sheu et al. 2018). Self-efficacy in science has a 
role in increasing scientific achievement (Talsma et al. 
2018) and can predict student motivation to have a career 
in science (Jansen, Scherer, and Schroeders 2015)—a con-
clusion that matches our finding that changes in per-
ceived competence predicted future intentions to pursue 
 science. Future citizen science projects for school children 
may wish to find further ways to facilitate a sense of com-
petence in participants.
The absence of evidence for participants seeing science 
as fulfilling autonomy or relatedness needs may be due 
to the structure of the project. Participants in the NSP 
received and followed specific instructions for data col-
lection (a “contributory” project; Bonney et al. 2009), so 
there was no opportunity to experience autonomy in a sci-
entific context. Increased participant involvement in pro-
ject design and flexibility in approaches to data collection 
(e.g., “collaborative” or “co-created” projects; Bonney et al. 
2009) are promoted in recent literature on citizen science 
(e.g., Stevens et al. 2014; Kennett, Danielsen, and Silvius 
2015; Lukyanenko, Parsons, and Wiersma 2016) and sup-
ported by empirical examples such as the volunteer-led 
discovery of the Green Pea galaxies (Straub 2016).
Similarly, although the NSP had a group component 
(the class point count/call broadcast surveys), much sci-
ence learning in a school environment is already occur-
ring in a group context. Participating students likely had 
other opportunities to work together in a scientific con-
text and so the group-work component of the NSP may 
not have been a novel experience and consequently did 
not change their perceptions of the relatedness compo-
nent of doing science. To increase participants’ feelings 
of autonomy and relatedness while doing science, future 
projects may provide more opportunities for participants 
to play an active role in scientific decision-making. This 
may include actively involving students in the genera-
tion of hypotheses/study design, perhaps in small teams 
guided by teachers through a Socratic style of question-
ing that ultimately leads students to an effective design. 
This style of helping is called “autonomy support” in the 
psychological literature, and provides ways to assist those 
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who need help without undermining their sense of auton-
omy (Reeve and Jang 2006).
Although there was no general increase in enjoyment of 
science classes, students reported greatly enjoying the citi-
zen science project. Part of the reason for this discrepancy 
could be in how students perceived the activity. If students 
viewed the activity as a unique event, it may not have 
changed their perception of their regular science classes, 
or science in general. More opportunities for students to 
engage in real science activities, from guided generation 
of hypotheses, through to data collection techniques may 
have a more substantial impact, though future researcher-
teacher teams are needed to study this possibility.
Psychological needs satisfaction is just one predictor of 
future science behaviour, and one of likely multiple mech-
anisms through which participating in citizen science pro-
jects may affect students’ attitudes, intentions, and future 
behaviour regarding science classes. In addition to the 
theories and findings we’ve already discussed, scholars 
have identified other key predictors of students’ future 
engagement with science, such as “Science capital” (e.g., 
Archer et al. 2015), “Science Identity” (Stets et al. 2017), 
and potential issues with feelings of belonging in STEM 
(Rainey et al. 2018). All play important roles in predicting 
students’ future engagement in science. Future research 
should continue to explore how these different predictors 
are influenced by participation in citizen science activities, 
and conversely, how these activities may be structured in 
ways to increase students’ future engagement.
Many of the recommendations arising from the 
“Individual Outcomes” part of the NSP suggest increasing 
opportunities for students to participate in all elements 
of project design. There is a further pedagogical argument 
for involving students in curriculum-linked citizen science 
projects that are collaborative or co-created. The NSP was 
reliant on participants’ local rural knowledge (Avery and 
Kassam 2011; e.g., the location of local trails, historical 
sightings of squirrels at known locations, etc.) and incorpo-
rates elements of place-based/conscious education (PBE), 
a pedagogical practice that strives to “ground learning in 
local phenomena and students’ lived experiences” (Smith 
2002). PBE serves the dual purpose of valuing and legiti-
mizing students’ pre-existing knowledge about their local 
environment (Avery 2013), and framing scientific concepts 
and principles as relevant to their lives (Gardner et al. 2015). 
The contributory nature of the NSP causes it to fall short 
of the more developed definition of PBE, which includes a 
critical pedagogy of place (Gruenewald 2003), and encour-
ages students to critically assess, critique, and challenge 
the circumstances within their place. Involving students in 
collaborative or co-created citizen science projects would 
allow them greater agency and likely be more conducive to 
a true PBE scenario (e.g., Karrow and Fazio 2010).
In fact, we believe that much of the subject matter 
associated with the NSP—the introduction of non-native 
species and their subsequent ecological disturbances—is 
rife for critical consideration and that a future iteration 
of the NSP could serve as a strong example of PBE. Smith 
(2007) discusses students in Oregon critically assessing 
the reintroduction of wolves to their state by considering 
a range of different perspectives and data. Students in 
Newfoundland could similarly balance the rationale for 
the introduction of T. hudsonicus to Newfoundland (as a 
fur-bearing mammal and natural prey source; Whitaker 
[2015]), with the detrimental impacts of this species on 
other, native species.
Conclusions
Participants in the NSP included classes in schools from 
across insular Newfoundland and the near-shore islands. 
The project resulted from a successful partnership between 
formal and informal science educators and was equally 
accessible to all schools, regardless of distance from an 
urban centre/LTS site. Most students participating in data 
collection experienced firsthand encounters with one or 
both of the study species, likely increasing the impact of 
the experience and also providing proof-of-concept that 
squirrel surveys using call broadcast techniques can be suc-
cessfully employed by citizen scientists. There was limited 
evidence that participants experienced an increased sense 
of science as satisfying psychological needs, although find-
ings suggest an increase in perceived competence follow-
ing study participation. The relationship between changes 
in perceived competence and changes in future intentions 
towards science highlights the potential motivational ben-
efits of participating in citizen science projects. Projects 
that foster participants’ perceived scientific abilities may 
inspire them to continue their involvement, and seek out 
new opportunities in science.
Note
 1 The materials and a brief description of the hypoth-
esized relationships were preregistered on the Open 
Science Framework, in accordance with current best 
practices in social psychology. As practices have con-
tinued to evolve, this preregistration provides only 
brief descriptions of the study, planned analyses and 
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